Introduction
============

Fetal distress represents a pathophysiological condition in which oxygen is not available to the fetus in sufficient quantities.[@R1] If not corrected or circumvented, it may result in decompensation of the physiological responses and even cause multiple organ damage.[@R2],[@R3] Fetal distress is intrinsically associated with fetal hypoxia and acidosis, and it seems to be strongly related to perinatal asphyxia.[@R4]--[@R6] The management of fetal distress involves intensive monitoring, intrauterine resuscitation, amnioninfusion and immediate delivery by vaginal route or caesarian section.[@R4],[@R7],[@R8] The postpartum diagnosis of fetal distress is based on low pH value of cord blood,[@R9]--[@R11] depressed Apgar score, and other parameters.[@R5],[@R12] However ante- and intrapartum prediction, which is crucial for an appropriate treatment of the condition, is far from being straightforward. Because of the low positive predictive value, ACOG Committee on Obstetrics Practice has recommended that the term fetal distress as an ante- and intrapartum diagnosis should be replaced with "nonreassuring fetal status."[@R13] Several ante- and intrapartum markers of fetal distress are currently available, such as an abnormal fetal heart rate (repetitive late decelerations, undulating baseline, bradycardia), decreased pO~2~ in the fetal blood, meconium-staining of amniotic fluid, and low pH value or increased lactate in the fetal scalp.[@R12],[@R14],[@R15] However, it seems that novel diagnostic procedures should be developed and added to the list, in order to increase the value of positive prediction of fetal distress.

Oxidative stress represents disbalance between production of various reactive oxygen species (ROS) and activity of endogenous antioxidative defance system (ADS). It is involved in pathophysiology of more then 200 diseases[@R16],[@R17] including aging[@R18]--[@R20] and oxidative damage in extreme physiological stages (exercise, diving, climbing).[@R21],[@R22] Fetal distress could be associated with oxidative stress in fetal and maternal blood, since hypoxia, which represents a hallmark of this pregnancy complication,[@R14],[@R23] is known to provoke increased production of reactive oxygen species (ROS).[@R24] Dede and co-workers have recently reported that SOD activity and the level of lipid peroxidation in umbilical cord blood are increased in nonreassuring fetal status.[@R25] In addition, antioxidative treatment has shown some protective effects in fetal distress.[@R26],[@R27] In the present study we have compared the oxidative status of blood of mothers and neonates with fetal distress to the status of blood in normal pregnancies. Oxidative status was evaluated by measuring the levels of superoxide and hydrogen peroxide in plasma and the activities of corresponding antioxidative enzymes---superoxide dismutase and catalase in erythrocytes obtained from 22 mothers and neonates with fetal distress and 24 control subjects. The aim was to determine the relation between fetal distress and oxidative stress and to explore potential prospects for the application of specific biochemical assays for oxidative status parameters as diagnostic tools for fetal distress prediction.

Results
=======

[**Figure 1**](#F1){ref-type="fig"} shows the concentration of ROS in the plasma of mothers and neonates with fetal distress in comparison to controls. The level of superoxide was significantly increased in the plasma of distressed babies ([**Fig. 1A**](#F1){ref-type="fig"}), while blood level of H~2~O~2~ was increased both in mothers and neonates with fetal distress ([**Fig. 1B**](#F1){ref-type="fig"}). Superoxide concentration in the plasma of distressed neonates was notably higher than in maternal plasma. On the other hand the level of H~2~O~2~ was similar in the plasmas of distressed neonates and their mothers. The activities of superoxide dismutating and H~2~O~2~-scavenging enzymes (SOD and catalase) are shown in [**Figure 2**](#F2){ref-type="fig"}. SOD was several times more active in the erythrocytes of fetal distress neonates and mothers than in controls ([**Fig. 2A**](#F2){ref-type="fig"}), while reverse ratio was observed for catalase ([**Fig. 2B**](#F2){ref-type="fig"}).

Discussion
==========

The findings demonstrate that maternal and fetal bloods are exposed to oxidative stress in fetal distress. It seems that oxidative stress is predominantly of fetal origin, since the concentration of superoxide was increased only in the fetal plasma. However, high SOD activity in the maternal blood indicates that some superoxide production may also develop in maternal tissues. In line with this is the fact that placental tissue of patients with nonreassuring fetal status is exposed to oxidative stress and shows significantly increased SOD activity.[@R25] Superoxide is dismutated to H~2~O~2~ which can pass from the fetal into the maternal blood and vice versa, resulting in similar H~2~O~2~ concentrations in these two tissues, which is in accordance with previously established good correlation between maternal and fetal oxidative statuses.[@R28] However, observed increase of the level of H~2~O~2~ was not accompanied by promoted activity of H~2~O~2~-scavenging enzyme catalase. The enzymatic activity of the first step (SOD) and second step (GSH/Px and/or CAT) have to be balanced to prevent cell damage. Any increase in SOD activity produces an excess of H~2~O~2~ that must be efficiently neutralized by either GSH-Px or CAT ([**Fig. 3**](#F3){ref-type="fig"}). In fact catalase activity was significantly reduced in fetal distress, which could be explained by NO-mediated catalase inhibition.[@R29],[@R30] Nevertheless, reduced CAT activity in our study could be explained by changed antioxidant defence system for H~2~O~2~ neutralisation in erythrocytes, regarding to aknowledge that exist reduced GSH-Px and CAT activity in serbian population.[@R31] Those changes were explained by selen deficiency occurred in Serbia region.[@R32] It is not uncommon that antioxidant defence systems are altered in response to various diseases.[@R33],[@R34] The limitation of our study is that we did not investigate some plasma lipid components and its relationds to oxidative stress. Few recent data represents possible significant interaction between serum cholesterol (Ch) and membrane phospholipids with Hb in human erythrocytes (Hb-Ch), what could be a significant factor for the organization of the antioxidant defence system in erythrocytes of mother and neonates with fetal distress.[@R34] Further randomized multicenter studies should be performed to clarify the relationship among lipids, selenium and NO concentration, as well as antioxidant enzymes activity in fetal distress pathogenesis. The lower SOD activity in erythrocytes of mothers compared to neonates with fetal distress in our study could be explained by H~2~O~2~-induced inhibition of SOD activity, what is in correlation with recent data.[@R35] Hence, our results indirectly imply that fetal distress is characterized not only by increased ROS production, but also by increased blood level of NO and its derivatives. It should be noted that the number of deliveries by caesarian section was significantly higher in the study group. However, this could not account for presented results, since caesarian section was reported not to affect SOD activity and to provoke only modest a decrease of activity of catalase in the cord blood.[@R36]

Increased ROS production and decreased catalase activity could represent a consequence of hypoxia of the fetal blood.[@R37],[@R38] The hypoxia of blood may provoke increased ROS generation in the mitochondria of endothelial and placental cells,[@R39] but some other mechanisms of oxidative stress are also plausible, such as the modulation of leukocytes activity,[@R40] or promoted activity of endothelial NADPH oxidase.[@R41] Independently of the mechanisms, increased ROS production in the fetal blood could explain some of the symptoms of fetal distress. Hydrogen peroxide has been reported to provoke relaxation of sphincter muscles,[@R42] so increased level of H~2~O~2~ in the blood of distressed fetuses could be responsible for the release of meconium into the amniotic fluid. Furthermore, ROS can affect normal function of the fetal cardiovascular system. It has been reported that ROS provoke relaxation of ductus arteriosus by stimulating prostaglandin synthesis.[@R43] Hydrogen peroxide is known to exert a dose-dependent biphasic effects on human heart, provoking an increase of contractile force followed by a decrease.[@R44] In another study, an injection of H~2~O~2~ was observed to provoke bradycardia and hypotension in rats.[@R45] Therefore, increased blood level of H~2~O~2~ and superoxide could be at least partially responsible for abnormalities of the heart rate which are characteristic for fetal distress.

The identification of patients at risk for the development of fetal distress prior or during labor is among the major points in perinatal medicine. The fact that SOD/catalase activities are tremendously increased/decreased in the blood of women bearing a distressed fetus could be of use for establishing a timely and accurate ante- or intrapartum diagnosis of fetal distress. It should be stressed that observed settings of antioxidative system of maternal blood in fetal distress have not been reported for any other pregnancy complication to date. Therefore, we propose that, in addition to other available procedures, the screening of the activities of SOD and catalase should be performed on maternal blood in the case of nonreassuring fetal status, in order to improve the value of positive antepartum predication of fetal distress. The postpartum diagnostic could also be improved by measuring SOD and catalase activity in the cord blood. Although further validation in clinical trails is necessary, it seems that a combination of increased SOD activity and decreased catalase activity of in the maternal blood could represent a valuable ante- and intrapartum marker of fetal distress.

Patients and Methods
====================

Patients.
---------

Our study included 22 pregnancies with fetal distress (study group) and 24 normal pregnancies (control group). The maternal and neonatal clinical characteristics are presented in [**Table 1**](#T1){ref-type="table"}.

Inclusion/exclusion criteria.
-----------------------------

Pregnant women with a gestational age of at least 36 weeks and suspected intra-uterine hypoxia (fetal distress) during labour can be included in the trial. Fetal distress is being diagnosed by the clinician as an abnormal or nonreassuring fetal heart rate trace, preferably accompanied by either significant ST-wave abnormalities (as detected by the STAN-monitor) or an abnormal fetal blood scalp sampling (pH \< 7.20) and one- and five-minute Apgar score (\<7).[@R5],[@R12],[@R46] Neonates suspected of chromosomal or congenital anomalies were excluded. The value of cord blood pH and Apgar scores for control group were \>7.25 and 8--10, respectively. Institutional approval for the study was granted by The Clinics Ethics Committee in accordance with internationally accepted ethical standards (The Helsinki Declaration of 1964, last revised in 2005). The antenatal clinics gave information about the study to women in late pregnancy and requested consent at this time or when the woman was admitted in labor. If consent was not given, or if the woman was too distressed to be asked for consent, she was managed according to the standard protocols of the departments.

Samples.
--------

Maternal and umbilical cord blood samples were taken immediately after the delivery in commercial containers filled with heparin (50 U/ml of blood). Plasma was separated from erythrocytes by centrifugation at 5,000 rpm at 4°C for 10 min. Erythrocytes were washed three times with 0.9% NaCl. All samples were immediately frozen in liquid nitrogen and kept at −85°C until further analysis.

Spectrophotometric assays.
--------------------------

The concentration of superoxide in plasma was measured as described previously.[@R47] Hydrogen peroxide was detected according to Pick and Keisari.[@R48] Erythrocytes (0.5 ml) were lysed by adding 3 ml of ice-cold distilled water. Hemoglobin concentration was measured by the Drabkin method. The activity of SOD was measured according to the method of Misra and Fridovich.[@R49] Previously described method was used to determine the activity of catalase.[@R50] All the chemicals used in this study were purchased from Merck (Darmstadt, Germany) and Sigma-Aldrich (St. Louis, MO, USA).

Statistical analysis.
---------------------

Measurements were performed on one sample of maternal and fetal plasma and erythrocytes lysates obtained from each patient. Statistical differences were evaluated by means of the non-parametric two-tailed Mann-Whitney test using Statistica 6.0 (StatSoft Inc., Tulsa, OK, USA). Results are presented as means ± S.D. (standard deviation) and were taken to be statistically different if p \< 0.05.
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![Differences in concentrations of superoxide (left, A) and hydrogen peroxide (right, B) in maternal and neonatal plasma \[In micromolar range, µM (µmol/l plasma)\] suffering from fetal distress (FD) compared to control. Results are presented as means ± S.D. Controls, white columns; FD, black columns. The values of superoxide (µM) were: 9.10 ± 5.95 (Med 6.91) in control maternal plasma; 10.86 ± 5.55 (Med 11.86) in control fetal plasma; 12.12 ± 7.32 (Med 9.56) in FD maternal plasma; 29.02 ± 38.43 (Med 16.47). White star, statistically significant when compared to controls (p \< 0.01); Black star, statistically significant when compared to maternal plasma level (p \< 0.05).](oxim0303_0214_fig001){#F1}

![Differences in activity of SOD (left, A) and catalase (right, B) in maternal and neonatal erythrocytes (Expressed as U/g Hemoglobin × 10^3^) suffering from fetal distress (FD) compared to control. Results are presented as means ± S.D. Controls, white columns; (FD), black columns. The values of SOD activity (×10^3^ U/g of hemoglobin) were within the following limits: 3.86--11.67 in control maternal erythrocytes; 16.27--89.54 in FD maternal erythrocytes; 1.49--11.22 in control fetal erythrocytes; 16.28--75.12 in FD fetal erythrocytes. The values of catalase activity (×10^3^ U/g of hemoglobin) were within the following limits: 13.58--44.71 in control maternal erythrocytes: 5.62--9.79 in FD maternal erythrocytes; 26.44--48.42 in control fetal erythrocytes; 1.02--8.77 in FD fetal erythrocytes. White star, statistically significant when compared to controls (p \< 0.01).](oxim0303_0214_fig002){#F2}

![(Left) The role of oxidative stress in fetal distress: How ROS can be involved in cell damage/survival. O~2~^−^, superoxidanion radical; SOD, superoxiddismutase; H~2~O~2~, hydrogen peroxide; GSHPx, glutathione reductase; CAT, catalase; NO, niricoxide.](oxim0303_0214_fig003){#F3}

###### 

Baseline clinical characteristics of the study and control group

                                                                Control (n = 24)   Fetal distress (n = 22)
  ------------------------------------------------------------- ------------------ -------------------------------------------
  Maternal age (years)                                          27.7 ± 5.0         30.5 ± 4.8[\*](#TF1){ref-type="table-fn"}
  Gestational age (weeks)                                       39.1 ± 1.6         35.7 ± 2.8[\*](#TF1){ref-type="table-fn"}
  Neonate weight (g)                                            3371 ± 614         2345 ± 794[\*](#TF1){ref-type="table-fn"}
  Smokers (n (%))                                               1 (4.3%)           1 (4.5%)
  Caesarian section                                             1 (4.3%)           8 (36.4%)[\*](#TF1){ref-type="table-fn"}
  **Other pregnancy complications**                                                
  Premature rupture of the membrane                             0                  4 (18.1%)[\*](#TF1){ref-type="table-fn"}
  Pregnancy induced hypertension                                0                  4 (18.1%)[\*](#TF1){ref-type="table-fn"}
  Intrauterine growth restriction (\<10^th^ adjusted centile)   0                  3 (13.6%)[\*](#TF1){ref-type="table-fn"}
  Pre-eclampsia                                                 0                  1 (4.5%)
  Olygohydraminos                                               0                  1 (4.5%)

statistically significant.
